A total of 95 strains of moderately to extremely halophilic bacteria, either from culture collections or freshly isolated, were subjected to taxonomic analysis by the computer method. The culture collection strains were examined in the initial phase of the study, and the fresh isolates were examined later. Three major groupings of these organisms were evident: a group of rodlike halophiles, a group of halotolerant, rod-shaped bacteria, and a less morphologically homogeneous, but taxonomically distinct, cluster of halophilic cocci. The rodlike halophiles could be further subdivided into one cluster containing strains of Halobacterium cutirubrum, which, on initial isolation, are capable of growth on media containing 8% salt when incubated at elevated temperatures, and another cluster containing strains of Halobacterium salinarium, which have a minimum requirement for 15% salt irrespective of the temperature of incubation. NRC 34002 and NRC 34001 are proposed as the neotype strains of Halobacterium salinarium and Halobacterium cutirubrum, respectively. The group of halophilic cocci appeared to be less homogeneous, i.e., were less uniform in character frequency of occurrence. Halococcus morrhuae is judged to be the correct name for the halophilic cocci. Results of the taxonomic analyses also indicated that at least two, and perhaps three, biovars comprise H. cutirubrum. A comparative study of the halophiles and a sample of 48 strains of halotolerant streptococci, staphylococci, and micrococci did not reveal any significant interrelationships. The moderate halophiles included in this analysis appear to be taxonomically distinct from the extreme halophiles. Results of lipid and pigment analyses accumulated for the halophilic bacteria support the taxonomic conclusions.
Bacteria that require high concentrations of salt for growth have been known for nearly a century. The obligately halophilic bacteria, generally regarded as those which require at least 12% sodium chloride for growth, are found in the Dead Sea (B. Elazari-Volcani, Ph.D. thesis, Hebrew University, Jerusalem, Israel), on solar salt (30), on salted codfish (20) , and in association with other salted products. The classification of these microorganisms has been rather uncertain, and their nomenclature has progressed from the "Microbe du rouge de morue" (29) through Bacillus (23), Pseudomonas (20), Bacterium (H. F. M. Petter, Ph.D. thesis, University of Utrecht, Utrecht, the Netherlands), Serratia (30), and Flauobacterium (14). In the seventh edition of Bergey's Manual (5), the obligately halophilic, rod-shaped bacteria were collected under the genus Halobacterium. The halophilic cocci, however, remained dispersed in the genera Micrococcus and Sarcina. This arrangement was changed in the eighth edition in which the genera Halo bacterium and Halococcus were placed together in part VII, Family 4: Halobacteriaceae
(18).
f Deceased, December 1977.
In 1967, Larsen (28) suggested that bacteria which demonstrate a requirement for salt for optimal growth be designated as slight halophiles (2 to 5% NaCl), moderate halophiles (5 to 20% NaCl), or extreme halophiles (20 to 30% NaC1). Several studies have shed some light on the specificity of the salt requirement of two halophilic species, Halo bacterium cutirubrum and Halobacterium salinarium. Boring et al. (4) investigated the specificity of the NaCl requirement of H. cutirubrum and found that, besides NaC1, other salts, such as MgC12, CaC12, Na2S203, and sodium acetate at concentrations of 3.5 M and 4.0 M will maintain the structural integrity of these organisms. However, only NaCl was found to support growth of the organism. Kushner (28) suggested that there are sites on the exterior surface of the cell that are specific for Na+ for maintenance of integrity. Therefore most of the studies on the halophilic bacteria have been concerned with the nature of their distinctive physiology and metabolism (2,6,38).
It is the purpose of this paper to present the results of taxonomic analyses of data obtained from moderately to extremely halophilic bacteria. The aims of this study were to investigate investigate the relationships among the various named strains within the major morphological groups of the halophiles, i.e., rods and cocci, and to determine the phenetic relatedness of culture collection strains and fresh isolates. Information concerning the relationships among the morphological groups of halotolerant, moderately halophilic, and extremely halophilic bacteria was also sought, and the results of these studies are also reported. MATERIALS 
AND METHODS
Bacterial strains. Sixty-nine strains of halophilic bacteria, comprising the collection of halophiles maintained within the Division of Biology, National Research Council of Canada, were used in the initial taxonomic analyses. These strains, together with additional data concerning source, etc., are listed in Table  1 . The three reference strains also listed in Table 1 were included in the taxonomic analyses of fresh isolates of halophiles. The analyses were performed as follows. The 69 strains of halophiles were studied at the National Research Council of Canada during 1961-1963 when one of us (R. R. Colwell) was a Guest Worker with the late N. E. Gibbons. Taxonomic anal- yses of these strains were carried out at that time. Subsequently, C. D. Litchfield and R. H. Vreeland obtained a set of fresh isolates of halophiles, as described below. Taxonomic data for these isolates were obtained by them using the set of characteristics employed for the collection strains and including more recently devised tests. Both data sets were merged, and the analyses were carried out as described herein.
With the exception of the strains of Micrococcus halodenitrificans, Vibrio costicolus, Pseudomonas beijerinckii, Micrococcus denitrificans, Vibrio halodenitrificans, and Empedobacter marismortui, the strains listed in Table 1 were obligate, extreme halophiles, i.e., they required more than 10% salt for growth. The strains of the six species listed above grew in media containing from about 2% to 20% salt (17) .
A comparison of the total set of halophilic strains was made with a set of 48 strains of staphylococci, micrococci, and streptococci studied in a previous analysis (12; H. Raj, R. R. Colwell, and J. Liston, Bacteriol. Proc., p. 21, 1964) . Most of these strains were halotolerant, i.e., able to grow both in the absence of added salt and in the presence of at least 10% sodium chloride. Included were strains of Staphylococcus aureus and Staphylococcus albus, Staphylococcus epidermidis ATCC 155 and ATCC 10875, Sarcina lutea ATCC 10054, Sarcina flaua ATCC 147, Aerococcus uiridans ATCC 10400, and Pediococcus cereuisiae ATCC 8081.
The culture collection strains of halophiles were originally isolated at the National Research Council of Canada laboratory (Ottawa) or were obtained from collections in Canada, Norway, Holland, South Africa, and the United States. The materials from which the organisms were isolated were diverse, e.g., salted intestines, western Canadian saline soils, and solar salt.
The culture collection strains were maintained by serial transfer on a medium of the following composition: Casamino Acids (Difco), 5.0 g; yeast extract (Difco), 10 .0 g; proteose peptone (Difco), 5 .0 g; potassium chloride, 2.0 g; trisodium citrate, 3.0 g; magnesium sulfate, 20.0 g; sodium chloride, 200 g; distilled water, 1, OOO ml (pH 7.2). The medium was prepared by mixing the ingredients, adjusting the pH to 7.8, heating, filtering, and readjusting the pH to 7.2. For solid media, the mixture was prepared with 2.0% (wt/ vol) agar. Incubation of the cultures was at 37°C.
Tests and test methods. All of the strains were examined for motility and for morphological features using phase-contrast microscopy. The cells were suspended in a 20% NaCl solution (4% NaC1, in the case of the moderate halophiles). The Gram stain method used was that of Dussault (13).
Preparation of the inocula and details of the gelatin liquefaction, starch hydrolysis, indole and hydrogen sulfide production, and nitrate reduction tests have been given previously (13, 17).
Tests for the ability of the strains to grow at pH 4. The presence of phenylalanine deaminase, arginine dihydrolase, lysine and ornithine decarboxylases ( 15), and lipase (Tweens 40,60, and 80) (34) was tested for each strain. The oxidase reaction employed for testing the 47 culture collection isolates was tb described by Kovacs (25) ; for the fresh isolates, the cytochrome oxidase test (Patho-Tech strips; Warner-Lambert Co., Morris Plains, N.J.) was used. Production of hydrogen sulfide was determined by the miniature-tube method (13) . The ability to produce visible growth and appropriate reaction on the following special media (Difco Laboratories, Detroit, Mich.) was also determined: Pseudomonas F and P agar; Streptococcus faecalis medium; Chapman-Stone agar; ethyl violet azide broth; mannitol salt agar; tellurite glycine agar; and Staphylococcus 110 medium. These were prepared with 20% NaCl, with the exception of the Staphylococcus 110 medium, which was prepared both with (20% [wt/vol] ) and without the addition of sodium chloride.
The medium of Board and Holding (3) was employed to observe the ability of the halophiles to use inorganic nitrogen as a sole source of the element as well as to determine oxidative utilization of glucose. Utilization of five carbohydrates, glucose, glycerol, xylose, lactose, and sucrose, was determined manometrically. Carbohydrate utilization data included here were from studies carried out at the National Research Council by Baxter and Gibbons and were included in an earlier study summarized by Larsen (27).
Isolation of strains. The fresh isolates included 23 strains obtained from a solar salt facility in Bonaire, Netherland Antilles, during 1974 and 1975. The initial isolation medium for these strains was prepared as two separate solutions. Solution A contained 25% (wt/vol) solar salt; the pH of this solution was adjusted to 11 with 1 N NaOH prior to autoclaving, after which 0.75% vitamin-free casein (Difco) was added. The mixture was incubated overnight at 30"C, and the pH was then adjusted to 7.9 . Solution B also contained 25% solar salt (wt/vol), but this was supplemented with 0.1% yeast extract (Yeast Products, Paterson, N.J.) , 0.3% sodium citrate, 2.0% MgSO.7H20, and 0.005% ferric ammonium sulfate (Fisher Chemical Co.). The solution was brought to pH 7.9 with 1 N NaOH and autoclaved. Just before use, solution A and solution B were mixed in a 1:l ratio. When solid media were used, agar (Difco) was added, at 2% concentration, to solution B prior to sterilization. Twenty-two of the 23 strains required at least 8% solar salt for growth at 23"C, whereas only one red halophilic coccus had this requirement for salt. The saltern density of the source material and the characteristics of the strains recorded at the time of isolation are given in Table 2 .
Maintenance medium. The medium of Abram and Gibbons (1) was modified to contain a lower concentration of nutrients. The modified medium provided more rapid growth and longer viability of the freshly isolated halophiles. Thus, cultures of these strains were maintained on the following medium: yeast extract (Yeast Products), 1.0 8 .0 f 0.1. The solid form of the medium contained 2% (wt/vol) agar (Difco). The medium was prepared, the pH was adjusted, and the medium was sterilized. Filtration of the medium was not necessary, since the precipitate was found not to interfere with the reading of the test results. Unless specified otherwise, the cultures were incubated at 3OoC, close to their environmental temperature.
The strains added to the test set, along with the 23 fresh isolates, were Halobacterium cutirubrum NRC 34001, Halobacterium salinarium NRC 34002, and Halococcus morrhuae NRC 16015, supplied by D. J.
Kushner (see Table 1 ).
Each of the fresh isolates was examined in a wet mount to determine cell shape, motility, and cellular arrangement. The Gram reaction of each of the fresh isolates was determined by washing the smear with 20% (wt/vol) solar salt solution between staining with crystal violet, iodine fixation, and decolorization. Decolorization was accomplished using acetone-ethanol (5050, vol/vol) followed by a distilled water wash and counterstaining with safianin. The flagella were observed using the Leifson staining technique (36), which employs a tannic acid-basic fuchsin (2:1, vol/vol) mixture. Tannic acid was prepared daily, whereas basic fuchsin was prepared every other day. The solutions were mixed and allowed to stand undisturbed for 2 h before use.
Solid casein medium prepared at the appropriate salt concentrations was used for recording colony characteristics, protein hydrolysis, catalase production, and growth with 10% CO2. Oxygen requirements were also determined in thioglycolate medium (Difco); ;he tubes were read after incubation at 37°C for 28 days.
Each of the fresh isolates was tested for ability to grow in maintenance medium at selected temperatures and salt concentrations and at pH 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0 . The solar salt concentrations tested were 0, 3.5, 8.0, 15.0, 20.0, and 32% (wt/vol) , and for each salt concentration, the temperatures of incubation were 4, 15, 23, 30, 37, and 45OC. At the completion of the temperature/salt studies, which were usually 28 days in duration, all cultures lacking visible growth were transferred to fresh maintenance medium and incubated at 30°C for 28 days to determine whether the temperature/salt combination being tested was lethal or inhibitory; i.e., the appearance of growth after transfer indicated inhibition.
Carbohydrate utilization in the case of the fresh isolates was studied using the bromothymol blue medium of Holding and Collee (21) or phenol red broth base (Difco). The basal media were prepared at the appropriate salt concentrations and supplemented, before sterilization, with 0.5% (wt/vol) of the following carbon sources: sucrose, glycerol, mannose, cellobiose, glucose, or lactose.
Starch hydrolysis was detected in all cases by noting cleared zones on agar plates flooded with Gram iodine after incubation of the test cultures on a 0.5% cornstarch medium (37). In addition to the detection of proteolysis by the use of casein plates, the ability to hydrolyze gelatin (Difco) was also tested (37).
Other biochemical tests, performed using the Patho-Tech Rapid I.D. System (Warner-Lambert), included: cytochrome oxidase, nitrate reduction, phenylalanine deaminase, lysine decarboxylase, HPS production from cysteine, indole production, Voges-Proskauer test, urease production, esculin hydrolysis, malonate utilization, ornithine decarboxylase, and P-galactosidase synthesis. The test strips were adopted after preliminary testing indicated frequent interference of test results from the high salt concentrations, especially in the case of the nitrate, indole, urease, amino acid decarboxylase, and phenylalanine deaminase tests.
The antibacterial compounds used for testing the 23 fresh isolates were those most useful for characterizing halophiles: penicillin G (10 U), tetracycline (30 pg), dihydrostreptomycin (10 pg), chloromycetin (30 pg), ampicillin (30 pg), 0/129 vibriostat (crystalline), and HgClz (0.1 ml at 1:5,000 dilution) placed on sterile disks.
Data processing. The data for all of the strains (69 collection strains, 23 fresh isolates, and 3 reference strains) were coded and transferred to IBM cards for processing. Similarity values for strain-by-strain comparisons were computed. The initial (sorted) output was scanned for clustering of related strains. The coding methods and programs have been published elsewhere (7, 9) .
The homogeneity of the groups formed by computer analysis was further tested by the method described by Quadling and Colwell (32) . An IBM 1620 model I 40,000 K (Computation Center, National Research Council, Canada) w e used in the preliminary analyses, and a UniVac 1108 (Computation Center, University of Maryland, College Park) was used in the final steps of the data processing. Halobacterium halobium P (47) 3 (48) Bacterium halobium 6.31.1 (74) , 6.31.2 ( 75), 6.31.3( 76) , 6.3 1.4( 77) , 6.31.6( 78) , 6.31.7( 79) , 6.31.8(80) , 6.31.9 (81), 6.31.10(82) Numbers in parentheses refer to strain numbers represented in Fig. 8 . 
RESULTS
The initial sorting of a sample of 47 culture collection strains of halophiles, following the method of Colwell and Liston (9), indicated two distinctly separate clusters, one of halophilic rodlike bacteria and the other of halophilic cocci. On the basis of the calculated similarity values, it was difficult to place five of the strains in either of the two major groupings. Strains A-2C, A-31C (colorless contaminants picked up in earlier studies with the halophiles [17] ), N-3, and Bacterium halobium no. 6 (Bahamas) had overall similarity values of ~7 0 % with the halophilic rodlike cluster; similarly, strain A-7 grouped with the halophilic cocci at ~6 3 % S.
The mean similarity (S), employing the Jac- The values for the group of halophilic rodlike bacteria (comprising 30 strains and including unidentified isolates) and for strains identified scribing the two major clusters, i.e., rods and cocci.
In an effort to confirm the identity of the named strains, the Halobacterium and the halophilic Micrococcus strains were further studied by subjecting an additional 24 strains of halophilic rods and cocci, including eight moderately halophilic strains, to those tests suggested from the data of Tables 3 and 4 to be of high information value. Additional computation was performed by computer to assess similarities of the final sample set, and the results of the sorting are presented in Fig. 6 .
From this analysis, it was observed that the moderately halophilic bacteria did not cluster with either of the previously formed major clusters of rods and cocci. The strains of M. denitrificans, M. halodenitrificans, Empedobacter marismortui, Vibrio costicolus (Inst. Pasteur strain) , and Vibrio halodenitrificans appeared distinct from Vibrio costicolus 75 and the strain of P. beijerinclzii, the latter two being of sufficiently high similarity, one to the other, to suggest species relationship.
A clustering of strains did occur (H. halobium P through, and including, B. halobium 6; Fig. 6 ) .
This suggested high intragroup homogeneity. Strains A-2C7 N-3, and A-31C grouped only at low 2? values. Strain Halobacterium gibbonsii H45 and H45T were highly related (s = 92%).
The strains of H. gibbonsii, Halobacterium trapanicum, H. halobium, Sarcina morrhuae (which, incidentally, in our hands was of a rodlike morphology), and P. cutirubrum (sic) H48
were not unequivocably incorporated into the clusters formed in the initial analyses.
The grouping, by sorted S values, of halophilic strains from Micrococcus sp. H-5 through and including strain 3-3 (see Fig. 6 ) consisted of coccus-shaped microorganisms of similar morphology and physiology.
The relationships of the 21 halophilic cocci clustered on the basis of features studied in the initial analyses were further investigated by subjecting these strains to tests devised for isolation and identification of halotolerant strains of staphylococci, micrococci, and enterococci. Data for the latter group and for the halophilic micro- cocci (including moderately halophilic strains from analyses discussed above) were pooled, and common similarity values were computed. S values for intergroup strain comparisons were <40%. These low values suggested that little or no significant taxonomic relationship existed between the halotolerant staphylococci, micrococci, and enterococci. Thus, further study to extend this line of investigation did not appear to be promising.
The initial sorting of s values by the method of Colwell and Liston (9) for the sample set of 47 strains provided a distribution of cultures into morphologically and physiologically similar subsets, one for halophilic rods, the other for halophilic cocci.
The strain characteristics were analyzed according to the subgroupings obtained (Tables 3,  4 , 5, and 6). Of the set of 47 strains of extreme halophiles examined initially, certain characteristics were expressed by all the strains. All grew well in a medium to which 20% NaCl was added (at pH 7.2 and at 35°C incubation temperature).
All produced abundant growth in nitrate broth without added Mg2+, but none reduced the nitrate to gaseous end products. The 47 strains were catalase positive. Other features of high frequency of occurrence were: ability to produce hydrogen sulfide from peptones, sodium thiosulfate, and cysteine; liquefaction of gelatin; and production of indole. All of the strains were susceptible to novobiocin, but none was susceptible to erythromycin. Susceptibility to penicillin, chloromycetin, and terramycin was not frequently demonstrated (~7 % of the total sample).
In general, litmus milk was not attacked. No growth occurred in halophile medium adjusted to an initial pH of 4.0. Xylose was utilized by few strains (6%), whereas sucrose and lactose were not utilized by any of the strains. Urease, phenylalanine deaminase, lysine decarboxylase, and ornithine decarboxylase could not be detected by the methods employed.
The group of rod-shaped halophiles demonstrated the characteristic morphology of halophiles described by previous investigators (19), i.e., stout (0.6 to 1.0 pm), long rods (>1 pm) occurring predominantly as single cells, with pointed or tapered ends. Some oval forms and pleomorphic cells were observed. The pleomorphism .of extreme halophiles has been found to be associated, at least in part, with sodium chloride concentration (1) . About 25% of the strains in the sample were motile. Flagella were observed on the motile cells.
The cocci were large (0.6 to 2.0 pm in diameter) spheres or oval-shaped cells occurring as pairs or in clusters.
On agar the halophiles produced small colonies ( t 2 mm in diameter) with an entire edge and a nondiffusible, reddish pigment. The rodshaped halophiles produced a translucent, pigmented colony, whereas the cocci formed opaque, pigmented colonies on agar. In broth the cocci produced a slight, even turbidity, and the rodlike bacteria produced a moderate, even turbidity, occasionally with a surface ring on the sides of the tube.
In general, the rods were distinguished, physiologically, from the cocci in having a wider initial pH range (ca 5.5 to 8.5 ) for growth, in possessing an arginine dihydrolase and a gelatinase, and in demonstrating a higher frequency of susceptibility to polymyxin B, tetracycline, and dihydrostreptomycin. These features were not absolute, however, as 25% of the coccal cultures were arginine dihydrolase positive and 75% were gelatinase positive. About 67% of the rodshaped halophiles hydrolyzed casein, but none of the cocci demonstrated this feature. All of the coccal strains were lipolytic, but none of the halophilic rod-shaped strains demonstrated a lipase on the Tween 80 medium, and fewer than 20% did so on the Tween 40 and Tween 60 media.
Starch hydrolysis was a rare feature in the group of rod-shaped organisms, but 50% of the cocci were able to hydrolyze starch. Neither the rod nor the coccus subset demonstrated susceptibility to penicillin, chloromycetin, terramycin, aureomycin, or erythromycin.
When 32 freshly isolated strains were subjected to a battery of tests similar to those applied to the collection strains, and when the resultant data were analyzed by single linkage analysis, the similarity matrix in Fig. 7 was generated. Although all isolates were originally obtained from environments containing > 16% (wt/ vol) salt and from media containing 20 to 25% salt, a large group of nonpigmented, highly halotolerant isolates was obtained. Those organisms that are nonpigmented and do not require salt can be clearly separated from the pigmented halophiles ( Fig. 7) and are placed in group I. This highly salt-tolerant group of nine isolates will be described in a subsequent paper (Litchfield and Vreeland, manuscript in preparation). The remaining strains demonstrated an overall similarity, >70%, indicating a high degree of phenetic relatedness. These halophiles can be subdivided into three major groups, the first of which consists of 1H8, the NRC strain (541) of H. cutirubrum, 3H23,3H31,2H13,3822, 3H21, and 3H16. The second group contained H. salinarium 542,3H27,3H28,2H7,1H7, 1H16, 1H1, 1H4, 2H8, 3H25, 3H24, and 3H20. Three strains-3H29, 3H18, and 1H10-demonstrated ~6 0 % similarity with any of the other organisms and were separated from the tighter grouping, perhaps as major biotypes or subspecies. As was found in the case of the culture collection strains, the halophilic cocci were sufficiently different from the rods and thus formed a separate generic group, the third group.
A calculation of combined data sets, including both positive and negative matches (matching value calculation) and excluding the cocci and the three distinctly different strains, yielded the matrix shown in Fig. 8 Strains labeled in the 900 series fell. for the most part. into two sections; the Bonaire strains were distributed into three portions of the matrix; and 43.3 Polymyxin B (300 U) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69.0 Tetracycline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55.2 Dihydrostreptomy cin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43. 3 Penicillin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Chloromycetin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Terramycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Erythromycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Kantrex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Aureomycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0.0
Other growth characteristics: pH7. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Biochemical characteristics:
Starch hydrolyzed (15, 20, or 25% NaCl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Susceptible to:
A. Percentage of strains positive for feature tested (total sample = 30) . 25.0 Kantrex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3 Dihydrostreptomycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.3 Chloromycetin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Terramycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Aureomyc in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Erythromycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0 Penicillin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0
SIMILARITY VALUE (% S)

A.
Percentage of strains positive for feature tested (total sample = 42) .
strains labeled within the 100 series fell mainly in the major large cluster of related strains .
DISCUSSION
In an attempt to assess the homogeneity of a set of culture collection strains of halophiles. the method of Quadling and Colwell (32) was applied. in which the mean value of ZV. was regarded as a measure of demonstrated homogeneity of the organisms . From Fig . 1 method to distinguish absolutely the clusters formed by the highest-linkage method. First, there is the question of taxonomic distance between the groups of halophilic rods and cocci. On the basis of features studied in this report, the differences are of relatively small magnitude, although detectable. Second, and a correlate of the preceding, the features chosen and applied to the cultures in this study may not be sufficiently diverse and, therefore, not fully representative of the physiological and biochemical apparatus of the groups under survey. Either more features or more features of a different kind will be necessary for precisely distinguishing the groupings. In fact, the homogeneity of the group of rod-shaped strains appeared somewhat greater (Fig. 2) than that of the cocci (Fig.  3) when the data were plotted separately. Thus, combining data for non-homogeneous groups may contribute to the problem of cluster separation. This is partially observed in Fig. 8 , where the data for culture collection strains and freshly isolated cultures were merged. The extremely halotolerant group I continued to be separated from the other isolates, and the various saltern isolates failed to be grouped, at any level greater than 50 to 65% S, with the laboratory strains, implying a substantial degree of diversity within the generic relationship.
An earlier study of halotolerant strains of enterococci (Raj et al., Bacteriol. Proc., p. 21, 1964) , micrococci, and staphylococci (Raj, Colwell, and Liston, unpublished data) indicated that some relationship between these taxa and the halophiles might exist. The combined data for these organisms and the halophiles, when computed and analyzed, revealed linkage s values of about 40%, much lower similarity values than would be expected if strong relationships between the groups were present. On the basis 8 . Similarity matrix of merged data sets for halophilic bacteria, including laboratory culture collection strains and recent isolates from a solar salt facility. See Table 1 
FIG.
P6
88
SB
E8
9
Of t --of data obtained from previous studies with other taxa of bacteria, s i g d k a n t interrelationships were discounted (10, 11, 16) .
Perhaps the strongest conclusion warranted by the data accumulated in this study is that only two genera appear to be substantiated: Halo bacterium for the rod-shaped, gram-negative, halophilic bacteria, and a genus for the aerobic, halophilic cocci. For the latter, Halococcus Schoop has been suggested by other investigators as an appropriate generic name (24, 27) and, on the basis of the data reported in this paper, the aerobic, halophilic cocci are assigned to the genus Halococcus. This is in accord with the findings of Kocur and Hodgkiss (24) .
Within the genus Halobacterium there appear to be, at best, two species: H. salinarium and H. cutiru brum. The distinction between these two species is not clear-cut, but the known differences are listed in Table 7 .
The stability of these biochemical and cultural characteristics has been demonstrated by a 12-year lapse between the preparation of the two data sets involving H. cutirubrum and H. salinarium, i.e., comparison of culture collection strains and subsequent analyses of freshly isolated halophiles. When the data sets were compared, it was noted that over 90% agreement existed between the characteristics tested for the culture collection halophiles in 1964 and the freshly isolated halophiles examined in 1976. Differences that were noted arose, not unexpectedly, from some of the newer testing procedures, which were designed as improvements over the older methods for identification and classification of bacteria. For example, preliminary testing in 1975 indicated that most of the fresh isolates failed to grow in the standard decarboxylase test media. In addition, there seemed to be some degree of salt interference for these strains in the urease tests. Consequently, Patho-Tech Rapid ID test strips were used for these tests, with the result that the lysine and ornithine decarboxylases were positive for the fresh isolates (Table 7 ) and the urease test was negative ( Table 7) . The tests for gelatin hydrolysis and HZS production differed markedly. The original set of 47 culture collection strains was positive for the oxidase reaction when tested by the procedure of Kovacs (25). The recent isolates were also positive for Kovacs' oxidase test but gave negative results for cytochrome oxidase when tested by the Patho-Tech strip method. The three reference strains included in the analyses of the fresh isolates gave similar results with the two methods. Thus, it is clear that the exact method for oxidase determination must be specified to avoid confusion.
Deoxyribonucleic acid homology studies, coupled with immunological and biochemical characterization, should provide data to conclude f d y whether the two currently recognized (18) species of Halobacterium are identical (31). In fact, it does appear from the data presented here and from the immunological studies of Zwilling et al. (39) that H. halobium strains and Pseudomonas cutirubra strains are identical. The strains of H. trapanicum and H. gibbonsii appear to be identical, but based on the immunological data, it is recommended that these be retained as biovars (39).
Within the group of halophilic cocci, the Sarcina littoralis, Halobacterium minuteum, and Sarcina sreenivasani strains are here considered to be members of Halococcus morrhuae (obj. syn.: Sarcina morrhuae; Micrococcus mor- 
